Introduction
The air-water interactions are highly dependent on ambient conditions [1] [2] [3] [4] [5] . In addition, the air-water interactions are greatly effected by the type of flow -laminar or turbulent [6] [7] [8] [9] [10] . Turbulence stimulates generation of air bubbles and their entrapment in water [11] [12] [13] [14] . First experiments dealing with entrapment of air bubbles were undertaken in the middle of the twentieth century [15] [16] . At that time entrapment process was viewed as a diffusion of air bubbles in water [17] [18] [19] [20] [21] [22] . Now it is known that it was a great oversimplification. Presently it is known that many other mechanisms affect entrapment of air bubbles. For example, water flowing through the weirs and then forced through the turbines create mix with air and create turbulent mixtures of air bubbles and water droplets [23] [24] [25] [26] [27] [28] [29] . Resulting mixtures are commonly called "white water" due to its visual effect.
Free falling vertical water jets hitting open air-water interfaces can create similar conditions. Here, this type of mechanism was studied experimentally. A non-contact optical measuring system was employed in the experimental part of the study. The referenced experimental technique was used to determinate aeration as a function of air-water interaction at various depths and widths.
The experimental method of air bubble concentration measurement
Gas circulation through air-water interface can be treated as a process of diffusion. This circulation occurs in uniforms as well as in turbulent flows. Under turbulent conditions diffusion process creates very thin marginal watery layer [30] . Gradient of gas concentration in this layer determines gas flux value. Some factors for example such as an undulation of a free surface and turbulence slenderize mentioned layer and, in this way, increases gradient of gases concentration and gases transfer through interface. Water flow vertically falling in smooth water surface stimulates air entrainment in the depth of water. Air bubbles entrained in water highly increases the rate of gas transfer through airwater interface because air bubbles destroy diffusion substratum and contacts liquid directly with increased area [31] [32] . Many researchers [33] [34] [35] were investigating this process as a steady (Fig. 1) , however dynamics of air bubbles entrainment in natural processes is even more important.
Experimentation utilized digital processing of images registered by the Canon Power Shot SX20IS camera connected to computer.
The companion experiment was performed under laboratory conditions with a free vertical hitting the jet water surface in a transparent cylindrical vessel
The setup of experiment is shown in the Fig. 2 . Dimensions of the cylinder were: diameter -18 cm and Diameter of the jet nozzle was d0, initial velocity of jet v0=0, v1 -velocity of the jet at the moment of its contact with the water surface, h -the height of the falling jet i.e. distance from the nozzle tip to the water surface. h was varied in steps of 0.25 m from h = 0.25 m to h = 1 m, H -air penetration depth (m). Also, the jet nozzle diameter d0 was varied from 0.003 m ÷ 0.008 m. Additional information is given in the Table 1 . All experiments were performed pouring described vessel a fixed volume of water V. Average amount of water Qw (m 3 /s) flowing through the jet nozzle can be calculated as:
where: t is time of water pouring. Also, Qw can be calculated as:
Eq. (1) give:
From the energy conservation law it follows: 22 10 2,
where: g is free fall acceleration, d0 and d1 are shown Fig. 2 . Measurement technique that we are here presenting is explained in the Fig. 3 . At the left side the real image of the air bubbles and water droplets mixture is shown. At the right side the modified image, with the air bubbles changed to the black spots is presented. Visual analysis of the left image shows that the air bubbles are much brighter than the background. This feature allows evaluation of the air bubble concentration in the water.
Real white air bubbles view is converted to the conditional grey scale image. The grey scale image consists of large scale shades of grey, varying from black at the lowest intensity to white at the highest intensity.
Range of binary values on grey scale is from 0 for black to 255 for white (Fig. 4) . The right side image of the Fig. 6 is composed assuming that if a pixel value is > 145 it is taken as black and if < 145 it is taken as white. Image processing and analysis [36] was made using the Python code. Our code evaluates how the air concentration in the water is distributed in depth and in width. The air concentration is calculated as the ratio of black pixels in each row and column of the modified black and white picture. Fig. 4 Evaluation of pixels values [37] This code allows evaluation of accuracy of processing. Quantitative image quality parameters were evaluated by determination following errors [38] [39] : a) Normalized Absolute Error (Enorm): 
where:
The larger ELapl value means poorer image quality.
Grey scale binary value 255 0
Experimental results and discussion
As can be seen from fig. 5 , concentration of air entrained in depth varies. Amount of air entrained depends on diameter of nozzle d0, height h, diameter d1 of jet, and jet velocity v1. Fig. 5 shows the time sequence of a water jet initially hitting a free water surface when the nozzle exit velocity is v0 = 0.0 m/s, v1=2.2 m/s, the jet falling height is 0.25 m, Qw = 1.5543•10 -5 m 3 /s, d0 = 0.003 m, d1 = 0.0026 m. The camera started recording before jet hit the free surface to assurance entrapping the whole process of initial hit. Fig. 5 , a demonstrates water surface deformation by falling jet and air entrainment start. At the time t = 10 ms single air bubble is entrained in deeper water layers. It develops quickly and at t = 21 ms cone shape cavity forms (Fig. 5, b) , that later (t = 21 ms) becomes cylinder shape (Fig. 5, c) . As can be seen from Fig. 5 , i amount of air entrained in water increases and at time t = 3 s reaches its maximum value. At this moment water jet was switched of. At the left side of each figure the real image of the experiment is presented while in the middle of figure the digital image of air bubbles and water is shown. Air bubbles correspond to black scale and water  to the white. Graph shows distribution of air concentration to the depth as well as to the width. At time moment t = 3 the maximum entrainment depth (H = 0.11 m) was reached. Velocity of air entrainment was 0.0367 m/s. Fig. 6 demonstrates distribution of air concentration in the depth at the different moments of time. Falling water flow was switched off when (t = 3 s) amount of air entrained reached maximal value. Until water is falling down entrainment of air bubbles and their removal acts simultaneously. Therefore two maxima form. First maxima is determined not only by air entrainment and its removal, but also by water sputters sprayed due to jet hit in water surface. These sputters can evaporate or fall back to the surface of water. Descended water sputters can knock out new water sputters or be absorbed by water.
Conclusions
1. Initial conditions of air bubbles and water droplets mixing determine dynamics of this process that on its own turn determine amount of air bubbles entrained in water. 2. The experimental method of air bubble concentration measurement is based on digital image processing. 3. Dynamics of air bubbles and water droplets mixing can be visualized and analyzed by means of digital images processing. 4. Analyse of images taken at many different moments of mixture developing allows determine amount of air entrained dependences on many parameters, and first of all on height of water flow fall and on nozzle parameters.
